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3 - Operation pressure 

A / atmospheric distillation  

It is a distillation process is performed under normal atmospheric pressure, such as distillation 

of crude oil in refinery.   

 B / vacuum distillation  

Distillation process is carried out using vacuum pressure (pressure less than atmospheric 

pressure),the  reduce in  pressure cause to  reduce in boiling point  of components  therefore 

the vacuum distillation is used to separate  the heavy components such as atmospheric 

distillation residues  (RC) to avoid decomposed their molecules , the  vacuum pressure is 

generate by using  ejector or vacuum pumps. 

4 - The type and nature of the mixture:  

A / distillation of a real mixture:  

The mixture is called real mixture when have initial and final boiling point, this mixture is 

distilled by normal distillation.  

B / distillation of azeotropic mixture 

Some liquid mixture cannot be separated by distillation because the volatility of components  

are approaches  ( relative  volatility of mixture normal is equal to one)  . This type of mixture 

is called azeotropic mixture   like, ethyl alcohol and water form an azeotrope of 95.6% at 78.1 

°C.   So to distillate this type we change the rate of volatilization of the mixture by adding 

benzene C6H6 to make mixture rate volatility is greater than one compared to alcohol. 

 Immiscible liquids, such as water and benzene, easily form azeotropes. Commonly, these 

azeotropes are referred to as a low boiling azeotrope because the boiling point of the 

azeotrope is lower than the boiling point of either pure component (ethyl alcohol). The new 

azeotropes (water and benzene ) is separated from the top of the tower either alcohol will be 

withdrawn from the bottom of the tower. 
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Figure 1 

Distillation methods:  

1 - Differential distillation:  

The device consists of flask ( equipped with  steam coil or jacket for heating )  in which the 

feed material is heated, a condenser in which the heated vapor is cooled back to the liquid 

state, and a receiver in which the concentrated or purified liquid, called the distillate,   the 

separation of light component is rapidly at the beginning of distillation process , and when the 

continuation of the distillation  the product distillation becomes weaker. Therefore, the 

distillate concentrations changing with time. This type is usually used for the purposes of 

laboratory and experimental 

 

2 - Flash distillation: 

The distillation unit consists of heat exchanger to heat the mixture and throttle valve and the 

separation tower. The feed is usually pumped through a fired heater and enters the separator 
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through a valve where the pressure is reduced. The vapor is removed from the top of the 

separator and usually condensed, while the liquid leaves from the bottom. 

 

 

3- Fractional Distillation  

The column consists of a cylindrical structure divided into sections by trays which permit the 

upward flow of vapor. The liquid reflux flows across each tray. The vapor rising from the top 

tray passes to a condenser and then through an accumulator or reflux drum and a reflux 

divider, where part is withdrawn as the overhead product D, and the remainder is returned to 

the top tray as reflux R. 

 

The liquid in the base of the column is frequently heated,  by reboiler,where the liquid from 

the still passes into the reboiler where it flows over the tubes  and leaves as the bottom 

product by way of a bottoms cooler, which preheats the incoming feed. The vapor generated 

in the reboiler is returned to the bottom of the column  , and enters the bottom tray where it is 

partially condensed and then re-vaporised. 
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Notes:  

1. The partial condensation of the rising vapor and partial vaporization of the reflux liquid is 

repeated on each tray.  

2. The vapor rising from an ideal tray will be in equilibrium with the liquid leaving. 

3. The part of the column above the feed point is known as the rectifying section and the 

lower portion is known as the stripping section.  

4. On each tray the system tends to reach equilibrium because: 

(a) Some of the less volatile component condenses from the rising vapor into the 

liquid thus will be increase  concentration of the more volatile component (MVC) in the 

vapor. 

(b) Some of the MVC is vaporized from the liquid on the tray thus decreasing the 

concentration of the MVC in the liquid. 

Distillation Equipment: 

The distillation tower called fractional tower because of the light component is removed from  

heavy component  and  heavy component is removed from   light component  at the same 

time. 

The tower is divided into two parts. 

1 – Rectifying section: a section located above the feeding area, a section that gets the 

removal of heavy material from  the light component. 

2 – Stripping section: a section located below the feeding area, a section that gets the  

removal of  light material  from  the heavy component. 

Notes: -   

1 - The highest temperature  at the bottom  of the tower it must not be exceed the boiling point 

of the heavy component to prevent  vaporization of  heavy component .  

2 - The lower temperature  at the top of the tower, must not be less than the boiling point of 

the light component to prevent  condensation of  light component.  

The tower description: 

The tower is a cylindrical column contains a number of trays (plates) or the packets.  

1 - Trays tower:  

Is a cylindrical shape  contains a number of trays, place on a regular basis which used  

providing the largest surface area of  contact between the two vapor  and liquid . 
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The main parts of the trays tower: 

First / plates or trays: 

The main purpose of the plates is to make the liquid and vapor touch and direct contact. And 

providing the largest surface area of contact between the two phases, thus increasing the 

efficiency of transmission of material between them, thus will increase the efficiency of 

separation. the plates  must be installed well and strong and stable during the operational 

process  and connect in a practical way for easy access and inspection and maintenance.The 

plates  contain the structures attached to them is (down comer  and weir ). 

Downcomer  : 

The flowing liquid is transferred from plate to plate through vertical channels called 

"downcomers".  Liquid is keep on the plate by an outlet weir. 

  

 

There are two downcomer and two weir  equipped for each plate one for  enter the liquid, and  

other for  exit the liquid.   the efficiency of the separation  process on the plate depends on the 

height of the liquid and the distribution and flow of the liquid on the plate. 
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Methods of the liquid flowing from plate to other:  

1 - Reverse flow: the liquid flow down from the slot located on the upper plates  and then 

flow over  the next plate and  exit from  the slot located on it . 

 

2 - Cross-flow: the liquid flow down from  the slot located on the left of the upper plate  and 

then flow over the next plate and  exit from  the slot located on the right of the  plate. 

 

 

 

 

3- Double pass flow 

the liquid down from  the slot located on the center of the  upper plate  and then flow over  the 

next plate and  exit  from  the slot located  right and left on the plate . 
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4 - radial flow: 

The liquid down from   upper plate  through a hole in the center of the plate and then flow 

over  the next plate and  exit  from surrounding small holes  located  on it  

Types of plates : 

1 - bubble cup plate: 

Plates  consists of  

• A number of cups or covers ( circular or  rectangle) distributed on the plate  

• Slots arrange on the edge of cup.   

•The riser (placed under the cup). 

Vapour is elevated from the plate to upper plate and passes through the riser and hit with the 

roof cover and passes through the liquid, causing bubbles and good contact between the liquid 

and vapor.    As shown in the figure below: 

 
 

2 - Sieve plate: 

Plate is flat contains a large number of small holes (diameter of the hole 1.3 cm. 0.3 

approximately),it is  simple to install and cheap, easy cleaning and maintenance , vapour 



Petrochemical Industry                                                 Dr. Ammar AL-kawaz 

 

being vertically passed  through the holes to come out in the form of bubbles and  contact 

with liquid.  

The disadvantage of this plate is flow the liquid through the holes ( weeping phenomena ) .. In 

order to avoid this phenomenon , The flow rate of vapor must be more than the flow rate of  

the liquid  or by  decreasing the diameter of hole and increase their numbering. 

 

 
 

Comparison of the bubble cup and sieve plate 

sieve plate bubble cup plate 

simple structure, cheap and easy to clean complex and expensive installation 

Flow rate of vapor is vertical Flow rate of vapor is kinky 

Speed of vapor is high Speed of vapor is low 

contact between the phases is  few contact between the phases is  large 

Plate Efficiency is small Plate Efficiency is high 

3 – Valves tray: 

It is sieve plate with large-diameter holes covered by movable flaps, which lift as the vapor 

flow increases. 

As the area for vapor flow varies with the flow-rate, valve plates can operate efficiently at 

lower flow-rates than sieve plates: the valves closing at low vapor rates. These plates with 

high flexibility and inexpensive (costing more than about 20% for plates holes). 
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Second / Reboiler  

Reboilers are used with distillation columns to vaporise a fraction of the bottom product; 

Four principal types of reboiler are used: 

1. Forced circulation: in which the fluid is pumped through the exchanger, and the 

vapor formed is retrain to the base of the column. 

 

2. Natural circulation: The liquid circulation through the exchanger is by the difference 

in density between the two-phase mixture of vapor and liquid in the n the base of the 

column. 

 

3. Kettle type: in which boiling takes place on tubes immersed in a liquid; there is no 

circulation of liquid through the exchanger. 

 



Petrochemical Industry                                                 Dr. Ammar AL-kawaz 

 

 

4. Internal reboiler: it is bundle of tube exchanger in the base of the column. 

 

 

 

Reflux: 

 Reflux refers to the portion of the condensed overhead liquid product from a distillation or 

fractionation tower that is returned to the upper part of the tower, the benefit of reflux is 

control about  top tower temperature by cooling it & increase the purity of product. 

 

 

Types of reflux: 

1 - Cold reflux: it is the reflux which have  temperature less than the bubble point of the liquid 

condensate,  and  it is  used  to control  the temperature of top tower and prevent the escape of 

heavy components  by condensate it . 

2 - Hot reflux: it is the reflux which have temperature at the bubble point of the liquid ( 

saturated liquid )  also the internal liquid inside the tower called hot reflux. 
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The reflux ratio{R}: 

  That is the ratio of the top overflow to the quantity of product, is denoted 

R = LR / D 

The total cost of the distillation tower depends on the 

1 – Fixed (capital) cost, which depends on the operating and diameter of the trays 

2 - Operating costs, which depend on the steam used for heating and water used for cooling 

The increase in reflux ratio influences both operating and capital costs. 

1-If the increase is little the capital cost decrease due to   decrease the number of plate  

2-If the increase is large the capital  & operating cost  increase  because the vapor load 

becomes greater. The associated condenser and reboiler will also be larger and hence more 

expensive. 

 

Figure 2 Explain relation between reflux ratio and cost 

2 – Packed tower: 

It is the cylindrical  column  filled with packing  which are designed to provide a high 

interfacial area for transfer. 

 the vapor -  liquid contact in a packed bed column is continuous, not stage-wise, as in a plate 

column. The liquid flows down the column over the packing surface and the vapor counter-

currently up the  Packing 

 The performance of a packed column is very dependent on the good liquid and gas 

distribution throughout the packed bed. 
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